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Q \ We briefly recall the main physical features of the parton distributions in the quantum 

statistical picture of the nucleon. Some predictions from a next-to-leading order QCD 
analysis are compared to recent experimental results. 



' r-| '! A new set of parton distribution functions (PDF) was constructed in the framework of 

CLi| a statistical approach of the nucleon [1], which has the following characteristic features: 
in' 

(D \ • For quarks (antiquarks), the building blocks are the helicity dependent distributions 



q±{x) {q±{x)) and we define q{x) = q+{x) + q-{x) and Aq{x) = q+{x) — q-{x) 
(similarly for antiquarks). 

\^ • • At the initial energy scale taken at Qg = 4GeV^, these distributions are given by 

On ■ the sum of two terms, a quasi Fermi-Dirac function and a helicity independent 

^ ! diffractive contribution, which leads to a universal behavior at very low x for all 

^ ! flavors. 

Q\ i • The flavor asymmetry for the light sea, i.e. d{x) > u{x), observed in the data is 

^ ' built in. This is clearly understood in terms of the Pauli exclusion principle, based 
on the fact that the proton contains two u quarks and only one d quark. 

' • The chiral properties of QCD lead to strong relations between q{x) and q{x). For 

^ example, it is found that the well estalished result Au{x) > implies Au{x) > 

and similarly Ad{x) < leads to Ad{x) < 0. 

Concerning the gluon, the unpolarized distribution G{x, Qq) is given in terms of a 
quasi Bose-Einstein function, with only one free parameter, and for simplicity, one 
assumes zero gluon polarization, i.e. AG{x, Qq) = 0, at the initial energy scale Q^. 

All unpolarized and polarized light quark distributions depend upon eight free pa- 
rameters, which were determined in 2002 (see Ref. py), from an NLO fit of a selected 
set of accurate DIS data. 



^Invited talk presented at the Workshop DUBNA-SPIN 09, Sept. 01-05, 2009, Dubna (Russia), to 
appear m the Proceedings. 



More recently, new tests against experimental (unpolarized and polarized) data turned 
out to be very satisfactory, in particular in hadronic reactions, as reported in Refs. [2l[3lll]. 
The statistical approach has been extended [5] to the interesting sitution where the PDF 
have, in addition to the usual Bjorken x dependence, an explicit kx transverse momentum 
dependence (TMD) and this might be used in future calculations with no kx integration. 
This will not be treated here for lack of time, although it is a very important topic, with 
a growing interest because it is now clear that several new phenomena are sensitive to 
TMD effects. 




CB-09Q809 



0.8 



0.6 



0.4 



0.2 



HI and ZEUS Combined PDF Fit 

= 10 GeV^ 

HERAPDF0.2 (prd.) 

exp. uncert. 
model uncert. 
parametrization uncert. 




10'' 10 



Figure 1: BBS predictions for various sta- 
tistical parton distributions versus x, at 
g2 = lOGeV^ 



Figure 2: Parton distributions at (5^=10 
GeV^ as determined by the HIPDF fit, 
with different uncertainties ( Taken from 
Ref. [6]). 



We display on Fig. 1 the resulting unpolarized statistical PDF versus x at (5^=10 GeV^, 
where xu^ is the u-quark valence, xd^ the c?-quark valence, xG the gluon and xS stands 
for twice the total antiquark contributions, i.e. xS{x) = 2x{u{x) + d{x) + s{x)) + c{x)). 
Note that xG and xS are downscaled by a factor 0.05. They can be compared with the 
parton distributions as determined by the HIPDF 2009 QCD NLO fit, shown in Fig. 2, 
and the agreement is rather good. The results are based on recent ep collider data com- 
bined with previously published data and the accuracy is typically in the range of 1.3 -2%. 

In the statistical approach the unpolarized gluon distribution has a very simple ex- 
pression given by xG{x,Ql) = -^^^j^pi) where x = 0.099 is the universal tempera- 
ture, Ag = 20.53 is determined by the momentum sum rule and be = 0.90 is the 
only free parameter. It is consistent with the available data, mostly coming indirectly 
from the QCD evolution of F2{x,Q'^), in particular in the low x region. However 
it is known that ep DIS cross section is characterised by two independent structure 
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funtions, ^2(2;, Q^) and the longitudinal structure function Q^)- For low Q^, the 

contribution of the later to the cross section at HERA is only sizeable at x smaller 
than approximately 10~^ and in this domain the gluon density dominates over the sea 
quark density. More precisely, it was shown that using some approximations [7j one has, 
xG{x,Q^) = ^5.9[^Fl{QAx,Q^) - F2(0.8x,Q2)] ~ ^Fl{QAx,Q'^). Before HERA was 
shut down, a dedicated run period, with reduced proton beam energy, was approved, 
allowing HI to collect new results on F^. We show on Fig. 3 the expectations of the 
statistical approach compared to the new data, whose precision is reasonable. The trend 
and the magnitude of the prediction are in fair agreement with the data, so this is another 
test of the good predictive power of our theoretical framework. 
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Figure 3: The longitudinal proton struc- 
ture function Fl{x,Q^) averaged in x at 
given values of Q^. Data from [8], [9] com- 
pared to the BBS theoretical prediction. 



Figure 4: The interference term xF^^ ex- 
tracted in e^p collisions at HERA. Data 
from [TU] compared to the BBS prediction. 



One can also test the behavior of the interference term between the photon and the Z 
exchanges, which can be isolated in neutral current e^p collisions at high Q^. We have to 
a good approximation, if sea quarks are ignored, xF^^ = |(2m^ + d^) and the comparison 
between data and prediction is displayed in Fig. 4. 

Concerning the strange quark and antiquark distributions, a careful analysis of the NuTeV 
CCFR data led us to the conclusion that s{x, Q^) ^ s{x, Q^) and the corresponding po- 
larized distributions are unequal, small and negative ^11], as shown in Fig. 5. The rapid 
rise one observes in the small x region is compatible with the data from Hermes, as shown 
in Fig. 6. 

Finally let us recall that the subject of quark and antiquark transversity distribution in 
the proton is also a very interesting topic. By studying a possible connection between 
helicity and transversity, we have proposed a simple toy model (see Ref. [13]). 
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Figure 5: Strange quark and antiquark dis- 
tributions determined at NLO. 
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Figure 6: The strange parton distribu- 
tion xS{x) = xs{x) + xs{x) at Q^=2.5 
GeV^ . The theoretical prediction from [11] 
is compared to data from [T2] . 
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